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Abstract. Coiled coils is an important 3-D protein structure with two or more 
stranded alpha-helical motif wounded around to form a “knobs-into-holes” struc-
ture. In this paper we propose an SVM classification approach to predict the anti-
parallel coiled coils structure based on the primary amino acid sequence. The 
training dataset for the machine learning are collected from SOCKET database 
which is a SOCKET algorithm predicted coiled coils database. Total 41 sequences 
of at least two heptad repeats of the anti-parallel coiled coils motif are extracted 
from 12 proteins as the positive datasets. Total 37 of non coiled coils sequences 
and parallel coiled coils motif are extracted from 5 proteins as negative datasets. 
The normalized positional weight matrix on each heptad register a, b, c, d, e, f and 
g is from SOCKET database and is used to generate the positional weight on each 
entry. We performed SVM classification using the cross-validated datasets as 
training and testing groups. Our result shows 73% accuracy on the prediction of 
anti-parallel coiled coils based on the cross-validated data. The result suggests a 
useful approach of using SVM to classify the anti-parallel coiled coils based on 
the primary amino acid sequence. 
Keywords: coiled coil, SOCKET algorithm, SVM, protein sequence data. 
1   Introduction 
Coiled coils structure was first introduced by Crick in 1953 in which he postulated a 
hallmark structure of “knobs-into-holes” formed by wounded strands of alpha-helices 
[2]. The coiled coils structure is characterized by a heptad repeats of amino acids  
(a-b-c-d-e-f-g)n. Positions a and d in one chain are occupied by apolar hydrophobic 
amino acids to form the core packing structure with the same positions in partner 
chain (see figure 1). The coiled coils structure is further stabilized by side chain elec-
trostatic interaction of e-g between two chains which generally occupied by polar 
charged amino acids. Recently it has been shown that intrachain interactions between 
heptad residues also contribute to the stability of the coiled coils structure [6] [12].  
Due to its well characterized structure the coiled coils has long been a spotlight of 
the protein design and prediction study. However, the structure of coiled coils is of 
great diversity in terms of its interchain orientation and oligomer status. The coiled 
coils structure can be formed between two, three, four or even five chains and the 
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orientation of each chain can be the same (parallel) or different (antiparallel). The 
core packing registers a and d are important for determining the number of strands 
while e-g interaction seems to be important in choosing the helices partners [3] [4] [7] 
[11]. Therefore the primary sequence of the heptad repeats may be one of the deter-
mining factors on the specificity of the coiled coils but much is still poorly understood 
so far [12]. 
 
Fig. 1. Illustration of transaction view of two stranded parallel (A) and anti-parallel coiled coils (B) 
Two categories of algorithms have been proposed to predict the coiled coils struc-
ture based on either the primary amino acid sequence or the atomic 3-D coordinate 
information. The first category includes COILS [5], PAIRCOIL [1] and MULTICOIL 
[10]. These algorithms compare the sequence of the target protein with the amino acid 
sequence database of known two or three stranded parallel coiled coils and give the 
score of probability. However, none of them are suitable for predicting the anti-
parallel coiled coils. The second category of prediction algorithm utilizes the 3-D 
coordinate information of the polypeptide to predict and define the beginning and 
ending of coiled coils based on the database of known 3-D structure of coiled coils. 
SOCKET [9] and TWISTER [8] are two algorithms in this category. The SOCKET 
algorithm focuses on the core packing structure of the “knobs-into-holes” which is 
formed by interchain a-d interactions. The TWISTER algorithm is designed to 
identify not only the canonical coiled coils but also the special coiled coils with 
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discontinuous heptad repeats interrupted by stutters and skips. Both algorithms take 
the 3-D atomic coordinate PDB file and DSSP file as input and are able to predict two 
or three stranded parallel and anti-parallel coiled coils. Comparing with the first cate-
gory of algorithms, using 3-D coordinate as input may seem to be a better choice as 
the SOCKET algorithm attempts to identify the core packing structure of coiled coils 
based on the experimentally determined protein 3-D structure. The disadvantage of 
utilizing SOCKET to predict coiled coils structure is that it requires atomic coordinate 
information of the polypeptide which may not be readily available. However, with the 
rapid expanding of the PDB database which currently already collects over 34,000 
structures determined by x-ray crystallization and NMR spectroscopy [13], such algo-
rithms can be adopted more widely to predict coiled coils structure. 
In this paper we used the machine learning supporting vector machine (SVM) ap-
proach to discriminate the anti-parallel coiled coils structure based on the primary 
amino acid sequence using the normalized amino acid profile of heptad repeat gener-
ated by SOCKET [9]. We selected anti-parallel coiled coils proteins with at least two 
full set of heptad repeats from SOCKET database such that each vector has the same 
number of features for SVM training and testing. Our preliminary results suggest that 
SVM is a valuable tool to predict the anti-parallel coiled coils based on the amino acid 
profile originally determined by atomic 3-D coordinate of the protein.  
2   Methods, Results and Discussion 
We selected total 78 anti-parallel coiled coils from SOCKET database which cur-
rently lists a total of 134 entries [9] based on PDB release #89. The PDB files of 78 
anti-parallel coiled coils and 8 parallel coiled coils were downloaded using a perl 
script available from PDB ftp site. The PDB files from both the anti-parallel and par-
allel coiled coils were submitted to SOCKET server (http://www.biols.susx.ac.uk/ 
Biochem/Woolfson/html/coiledcoils/socket/server.html) to identify the specific hep-
tad repeats registers. Only the long anti-parallel coiled coils with at least two full sets 
of the heptad repeats were selected. This is mainly based on our assumption that long 
coiled coils are more structurally stable and may include more positional information 
which could contribute to the stability and specificity of coiled coils. Considering the 
relatively small number of entries currently available, we allow multiple contributions 
of coiled coils structure from the same protein. Because the SVM only accepts vectors 
with the same number of features, we chose 2 heptad repeats of total 14 amino acids 
from each entry. In the case of heptad repeats are more than 2, we allow partial over-
lap of the heptad repeats assuming each partially overlapped heptad repeats is an 
independent vector for SVM to avoid loss of any given heptad repeat. Total 41 se-
quences of at least two heptad repeats of the anti-parallel coiled coils motif are ex-
tracted from 12 proteins as the positive datasets (Table 1). Total 37 of non coiled coils 
sequences and parallel coiled coils motif are extracted from 5 proteins as negative 
datasets.  
We used the normalized frequencies of occurrence at each heptad positions for 
long anti-parallel coiled coils from Walshaw et al [9] to convert the amino acid of 
each heptad sequence into amino acid usage frequencies (shown in Table 2).  
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Table 1. Positive datasets of proteins with anti-parallel coiled coil structures  
PDB ID Protein name 
5eau 5-Epi-Aristolochene Synthase 
2spc Spectrin  
2ktq Large Fragment Of DNA Polymerase I  
2fha Human H Chain Ferritin 
1ser seryl-tRNA synthetase complexed with tRNA(Ser) 
1ecr Replication Terminator Protein (Tus) Complexed With DNA 
1ecm Chorismate Mutase 
1cnt Ciliary Neurotrophic Factor 
1cii Colicin Ia 
1aqt F1F0-ATP Synthase  
1ab4 59Kda Fragment Of Gyrase A 
1a36 Human DNA Topoisomerase I  
Table 2. Normalized frequencies of occurrence at each position of the heptad sequence for two 
stranded long anti-parallel coiled coils from Walshaw et al [9]  
Corner a b c d e f g 
A 1.42 1.48 1.28 1.55 0.69 1.04 1.98 
C 0 0 0 0.59 0 1.19 0 
D 0.09 1.06 1.71 0.56 1.37 1.75 0.25 
E 0.54 1.32 1.75 1.31 1.45 1.76 1.23 
F 0.84 0.51 0.85 0.96 0.8 0.96 0.64 
G 0 0.72 0.81 0.07 0.48 0.38 0.19 
H 1.09 1.56 0.31 0.44 0.88 1.47 3.79 
I 2.87 0.48 0.24 1.6 1.59 0.79 1.12 
K 0.33 2.24 1.52 0.41 1.22 1.55 0.66 
L 2.96 1.04 1.33 3.64 1.31 0.35 1.11 
M 1.45 1.18 0.59 1.65 0.83 0.83 1.93 
N 0.88 1.58 0.94 0.22 0.44 1.78 0.59 
P 0 0 0.28 0 0.27 0 0 
Q 0.86 1.23 1.75 0.74 1.99 1.16 2.3 
R 0.66 1.36 1.48 0.47 2.55 1.78 1.14 
S 1.03 0.78 0.58 0.28 0.37 0.83 0.83 
T 0.61 1.23 0.73 0.61 0.58 1.39 1.15 
V 0.51 0.21 0.53 0.37 0.61 0.41 0.99 
W 0 0.56 2.24 0.31 0.53 0.53 0.53 
Y 1.23 0.66 0.44 1.69 0.82 0.41 0.2 
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Table 3. The testing results of SVM using cross-validation approach 
Corner Class Label Prediction by SVM 
1a36-1 1 1 
1a36-2 1 -1 
1ab4-1 1 1 
1ab4-2 1 -1 
1aqt-1 1 -1 
1cii-1 1 1 
1cii-2 1 1 
1cii-3 1 1 
1cii-4 1 -1 
1cii-5 1 1 
1cii-6 1 -1 
1cii-7 1 -1 
1cii-8 1 -1 
1cnt-1 1 1 
1cnt-2 1 1 
1cnt-1 1 1 
1cnt-2 1 1 
1cnt-3 1 1 
1cnt-4 1 1 
1cnt-5 1 1 
1ecm-1 1 1 
1ecm-2 1 1 
1ecm-3 1 1 
1ecm-4 1 1 
1ecr-1 1 1 
1ecr-2 1 1 
1ser-1 1 1 
1ser-2 1 -1 
2fha-1 1 1 
2fha-2 1 -1 
2fha-3 1 -1 
2fha-4 1 1 
2fha-5 1 1 
2ktq 1 1 
2spc-1 1 1 
2spc-2 1 1 
2spc-3 1 1 
2spc-4 1 1 
2spc-5 1 1 
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Table 3. (Continued) 
2spc-6 1 1 
5eau 1 1 
m6a-1 -1 -1 
m6a-2 -1 -1 
m6a-3 -1 -1 
m6a-4 -1 -1 
m6a-5 -1 -1 
m6a-6 -1 1 
m6a-7 -1 -1 
m6a-8 -1 -1 
m6a-9 -1 1 
m6a-10 -1 -1 
m6a-11 -1 1 
m6a-12 -1 -1 
m6a-13 -1 1 
m6a-14 -1 -1 
m6a-15 -1 -1 
1a93-1 -1 -1 
1a93-2 -1 -1 
1a93-3 -1 1 
1a93-4 -1 1 
1fos-1 -1 -1 
1fos-2 -1 -1 
1fos-3 -1 1 
1fos-4 -1 -1 
1fos-5 -1 -1 
1fos-6 -1 -1 
1fos-7 -1 1 
1fos-8 -1 1 
1fos-9 -1 -1 
1fos-10 -1 -1 
mbplike-1 -1 1 
mbplike-2 -1 -1 
mbplike-3 -1 -1 
mbplike-4 -1 -1 
mbplike-5 -1 -1 
mbplike-6 -1 1 
mbplike-7 -1 -1 
MBP -1 -1 
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Two programs written in perl and java were used to convert the list of 14 amino 
acid sequence into amino acid usage frequency at each position and to generate label 
file for SVM classification. Due to the small number of samples, we adopted cross-
validation approach for SVM training and testing. The total 78 datasets are separated 
into two groups, with 77 datasets for training and 1 dataset for testing in each cycle. 
Web interface of SVM (Gist version 2.0.5, http://svm.sdsc.edu) was used in dataset 
training and testing. The testing results are shown in Table 3.  
From total 78 datasets including 41 positive and 37 negative datasets, we identified 
31 true positive and 26 true negative respectively using SVM classification. Our  
results show that the average accuracy for the testing is 73% (summarized in Table 4).  
Table 4. Average Accuracy Result 
Total Dataset 78 
Positive 41 
Negative 37 
Testing Result  
False Positive 11 
False Negative 10 
True Positive 31 
True Negative 26 
Average Accuracy 73% 
We demonstrated that SVM classification algorithm can be used to discriminate 
anti-parallel coiled coils structure from non-parallel coiled coils including the parallel 
coiled coils structure. Each protein sequence with two heptad repeats was taken as 
input vector with 14 dimensional features and subjected to SVM training and testing. 
All 14 features of each vector have same semantics representing the amino acid usage 
frequencies. Our result indicated that SVM learning algorithm can discriminate two 
classes using hyperplane with maximum margin between vectors of two classes with 
relatively high accuracy. 
  Walshaw et al calculated normalized amino acid frequencies of occurrence at both 
the parallel and anti-parallel coiled coils and found that anti-parallel coiled coils tends 
to have broader amino acid usages at each heptad position compared with its parallel 
counterpart [9]. This characteristic of amino acid profile associated specifically with 
anti-parallel coiled coils also prompted us to select higher dimensional features which 
include two repeats of heptad, instead of focusing only on hallmark feature of “knob-
into-hole” structure at a/d positions.  
3   Conclusion and Future Plan 
In this paper we presented a SVM approach for classification of anti-parallel coiled 
coils structure based on primary sequences. The classification results indicate that the 
support vector machine learning algorithm is a useful tool in classifying the anti-
parallel coiled coils structure, which by far has no direct algorithm to predict its 
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structure based on its primary sequence. However, more datasets are needed to further 
validate the approach. With the rapid growing of the PDB database, the SOCKET 
database has been growing accordingly. We expect the future release of SOCKET 
database will be helpful in gathering more positive datasets and help to improve the 
SVM prediction accuracy. 
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